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InlriHluclinn: 



Tin- yen 1988 happens to be ihe 
Diamond Jubilee year of the tlis- 
oover) ui the Raman el leu bm also 
[he birth centenary year of Sir C V 
Raman, 

Hence ii is fitting occasion io write 
about The Raman Effecl and its rami- 
fkalions as a fitting I ribuic to pay 
homage to the memory of L ihis titan 
among Indian Scientists", who si rode 
the world of sciences like a colossus. 
In the following article (hough there 
■re several variant techniques of 
Raman Spectroscopy evolved, ont) 
very important findings are highlighted. 
Certain devices like Spin- flip Raman 
sources etc., are omitted. 
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Raman I I liii: 

While studying ihe molecular scat- 
tering of light a I Calcutta Sir C V 
Raman discovered a new phenomenon 

known alter him as I tie Raman Effect. 
The observation of blue opalescence 
of ihc Mediterranean sea during his 
voyage to Europe in 1 421 initiate J him 
to have detailed investigation on litmt 
scattering al Calcutta later 

When i beam of monoehromatic 
radiation passes through a trans pa rem 
medium some of ii in scattered by ihe 
vibrating and or rotating molecules of 
the medium. Most of ihe scattered 
radiation is ot the same frequency 
( Rayteigh Scattering) and of it changes 
frequency (new light scattering 
observed In Raman) The latter 
observation by C V. Kit man on 2Hth 
February 1M2K later came to be known 
its Raman Effect. The frequency 
shifted spectral lines arise due io ihc 
change in polarizability of the mole- 
cule and il represents the molecular 
disorlion under the electric field of the 
incident electromagnetic radiation. 
Otherwise this is essential!) an inelas- 
tic scattering of light by molecular 
vibration and/or rotation arising due 
to the modulation ihe electric suscepti- 



bility (polarizability) of the above 
mentioned molecular vibration and or 
rotation 

I be mechanism of Raman effect can 
be explained qualitatively as follows. 
The molecule when irradiated by an 

electromagnetic radiation (visible Of 
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uv radiation), two types til emission 
occur. In one the ground state is 
completely restored emitting radiation 
of same wavelength as the incident 
(exciting) radiation is known as 
Raylcigh scattering. Another transi- 
tion on either side ol the exciting 
radiation (frequency shifted) corres- 
pond to the inelastic scattering arising 
from the molecules interacting with 
the fled He held associated wiih the 
incident monochromatic radiation. 
The inelastic contributions- are further 
suhdmded: those scattered fiequen- 
cies smaller than incidenl radiation 
known .is Stokes components and 
while the scattered radiation larger 
than the incident radiation known as 
itrin Stoke* component*. Each scat- 
tered phonm in the Stokes component 
is associated with a gain in energy b> 
the sample. u,hile the sample losses 
energy in each scattered photon in the 
anti-Stokes component. 

] Ik 1 shove experimental technique 
is a power I ii I tool lor scientists in 
elucidating the structure of molecules, 
biomechanisrii in No mo teenies etc, 
through the role played by various 
groups ol molecule making the 
molecular system. The scattered radia- 
tion intensity is 1(1 ' times smaller 
than the incidenl exciting radiation 
and hence Raman spectra of molecules 
are very weak. However, after the 
advent ol lasers, the situation h;is 
become more favourable to record the 
Raman spectra with ease with sample 
size ot a lew microgram or mi e ml it re. 
Moreover the Raman spectra has been 
made complex due to the linear and 
nonlinear interactions of molecules 
with the intense NVV ctT 1 electric 
field associated with the exciting laser 
radiation. Thus new analytical techni- 
ques had been developed to studv 
molecular syslems, surfaces etc.. in 
detail giving the scientists a deep 
insight into various physical and che- 
mical mechanisms and principles in- 
volved. 

As mentioned earlier when the elec- 
tric field intensities of the incident 



radiation exceeds ]l) lJ volt m" ' , the 
nonlinear eoniri t>uhons to the induced 
dipole (polarizability) start to become 
significant, and that such electric field 
intensities are asst>eiated with the 
monochromatic radiation produced by 
giant puKe lasers. Many new phe- 
nomena arise from the nonlinear 
interaction of a system with intense 
monochromatic radiation, All pheno- 
mena involve changes in the wave- 
number of laser radiation as a result 
of its interaction with the molecular 
systems and so are regarded as varients 
of the Raman effect. This generic 
relationship is reflected in the names 
which have been adopted for these 
new effects l the hyper Raman effect; 
the inverse Raman effect : the stimu 
lated Raman effect; coherent anti- 
Stakes Raman scattering (l ARS) and 
Raman induced phase conjugation 
spectroscopy, Each of these effects 
involves new principles and hence 
novel applications are possible and 
new information can result 

a i Resonance Raman Scattering 

In a Raman process from a molecu- 
lar system, an incidenl photon is des- 
troyed, a scattering photon is created 
and the molecular system undergoes ;i 
transition from the initial state to a 
final state. This process is coherent 
and therefore these events are not 
independent and resolvable i.e., a 
process in which three events occur 
invisible. It the excitation frequency is 
dose to or in resonance with an 
available excited state is the process 
is called Resonance Raman scatter 
iiil' (RRS). H ■-, varying the excitation 
frequency (using tunable lasers or 
source of light) from off resonance to 
on resonance condition can he 
achieved. Thus obtained Raman spec- 
tra has striking changes in the intensi- 
ty, temporal behaviour and frequency 
distributions. 

hi Surface Enhanced Raman Spectro- 
scopy (SKRSl 

Intense Raman signals were 
observed from pyridine adsorbed onto 



elect rochemically roughened silver 
electrodes. The enhancement of Ra- 
man signal is attributed finally to that 
of the preparation of a microscopically 
rough surface and was concluded as a 
necessary prerequisite lo observe 
SERS. 

So far we were discussing the linear 
interaction of the eleciromagnetie 
r a that ion with the molecular system. 
Let us now devote our attention to 
what type of result oriented phe- 
nomena occur when the electric field 
intensity of ihe incidenl radiation ex- 
ceeds ll r volts m '. It is found that 
new phenomena arise I torn the non- 
linear interaction of the molecular 
system with intense monochromatic 
radiation akin to the normal Raman 
effect. Hyper Raman; inverse Raman; 
stimulated Raman (SRS| and coherent 
ami-Stokes Raman Scattering (CARS) 
involve changes in the wave number of 
Laser radiation as a result of its in- 
teraction with a molecular system and 
so are to be regarded as variants of the 
normal spontaneous Raman effect. 
This generic relationship is reflected in 
the names which have been adopted 
tor the new effects. 

Hyper Raman Effect 

This effect arises when focused mi, 
(6943, 3 A) laser beam (pulsed 
nanosecond duration) interacts in any 
direction of the samples gives rise to 
lines at 2 ^, [347: A) and at 2v±v M 
where r M is the molecular vibrations, 
This method provides a novel tool to 
observe weak Raman lines arising 
from poor scatters like water mole- 
cule v. 

Stimulated Raman Efleel iSRSi 

When monochromatic radiation 
from a giant pulK lasei ot suthcientK 
large ir radiance is incidenl upon a 
scattering system hyper Raman scat- 
tering is superceded by a new phe- 
nomenon viz_ stimulated Raman Seal 
tering. SRS depends on the direction 
and manner of illumination. The giant 
pulse laser radiation is focused inlu 
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sample and the scattering observed 
along the laser beam direction in the 
forward direction at a small single. 

(1) SRS differs from the normal Ra- 
man scattering not only in its wave 
number pattern and angular depen- 
dece Inn also to its intensity, 

(2) In SRS only selective excitation 
of molecular vibration occurs viz., 
Raman active modes. 

(3) The first stokes line in SRS rapid- 
ly grows in intensity to act as a power 
source and chain reaction occurs tor 
the form a lion of further lines. 

(4) The feneration of the ami stokes 
hue does not arise as a result of 
downward transition from a populated 
upper state as in normal Karrum effect 
but created al the expense of laser 
photon, 

(5) High conversion efficiency and 
hence new laser lines om he generated 
using suitable molecular media Ihus 
increasing the number of laser lines in 
the electromagnet it spectrum for reso- 
nance absorption studies. 

Inverse Raman Effect 

If a molecular system is illuminated 
with a giant pulse laser beam of wave 
number v n and a continuum covering 
the wave number range (fib +3300) 
em" ', absorption bands are observed 
in the continuum at wave numbers i' lt 
+ i^ etc: where ^ is a Raman active 
vibration mode of a molecular system 
This method offers a method of re- 
cording Raman spectra of short lived 
molecular species ol the order of 10~* 
to 10 " seconds. There is no restric- 
tion in the direction of observation as 
in SRS and hence it has great promise 
to study short lived species, but the 
experimental procedure in nm e.is\ . 

( u\u ri-ni \ mi-Stokes Raman Scatter- 
ing (CARS! 

If a coherent radiation of wave 
number h is mixed in a mo Leu la r 
medium with coherent radiation of 
wave number r\ and the irradiances of 
the two radiations are sufficiently 



large, in en inter alia coherent radia- 
tion of wave number r, can result, 
ft, = i', + {v\ - \^) (1) 

Here mutiny implies spatial and 
temporal coincidence of the two beams. 
Jf i*| is kepi fixed {say monochromatic) 
and i'j is varied so that the condition 

j'i - i' 2 t *\i — (2) 

is achieved where £ M is some molecular 
wave number of (he system then 
j'i=fi + i\i (3) 

Thus i> x is coincident in wave number 
with stokes Raman Scattering associ- 
ated with the molecular wave number 
r\! when excited by radiation of wave 
number i?i. Radiation produced in this 
way is termed as coherent anti-stokes 
scattering (CARS) to emphasize its 
different origin and properties. The 
usefulness of the techniques are high- 
lighted as below. 

(1) Conversion efficiency of e } is 
several orders greater than the normal 
Raman effect. 

(2) r, from CARS is highly colli- 
mated and hence the collection effi- 
ciency is very high, 

(3) Fluorescence and thermal radu 
lion from hot samples can he elimin- 
ated using spatial filtering technique. 
(4 1 No dispersion device is needed 
{?) The power associated with CARS 
depends on the (a I square of the normal 
Raman scattering cross section (hi 
square of the number of molecules. 
(6) (i) Useful in flame iagnostics as a 

spatial probe. 

(ii i In the sludy of biological ehro- 
mophotes through pure rota ■ ion 
spectra. 

(iii) An important tool for molecular 
structural studies. 

Kama 1 1 Induced Phase Omjugalion 

Spreti'nseopv 

In order to sladv optical Ram tin 
spectra of transienl rneida, hot meida, 
or static media exhibiting strong 

fluoieseerice. or to obtain, spectral 

resolution greater than I em "', one 
generally employs some form of cohe- 



rent Raman spectroscopy (CRS|. 
Most widely used CRK techniques 
employ two coherent sources, w hose- 
frequencies are sepe rated by nearly 
the Raman excitation frequency. As 
explained earlier SRS, CARS, and 
Raman induced Kerr effect (RIKh) 
are of the above category RIKE is a 
version Raman spectroscopy (hat 
makes use of defined input and output 
polarizations When a Raman-active 
medium is simultaneously irradiated 
by two exciting radiation sources, 
namely an elliptical I y polarized wave 
and a linearly polarized stokes wave or 
anti-stokes wave, the nonlinear- linear 
third order interaction gives rise to a 
new stokes wave or anti-stokes wave 
that is polarized perpendicularly lo the 
wave originally incident on the 
medium. This phenomenon exhibits 
resonance if the difference in two 
exciting radiation frequency is near 
one of the Raman active molecular 
frequency. The signal in the spectral 
region of nonlinear resonance is de- 
termined on (he one hand by the 
polarization properties of the elliptic 
cally polarised laser light and on tin 
otbei band by the resonant and non- 
linear resonant terms in the nonlinear 
susceptibility A circularly polarized 
laser beam leads to a background free 
Raman spectrum if one of (he exciting 
i. idi.it ion sources is being tuned or if 
broad hand irradiation is used. The 
first studies of this "pure" RlK\r were 
performed with organic liquids. Com- 
pared wuh other methods of active 
Raman scattering, the advantage of 
RJKH is that the phase matching 
condition in isotropic media is satisfied 
in a broad band spectrum so that 
under fixed excitation geometry, spec- 
tral tuning can be achieved. RIKF 
with an elliptically polarised laser 
beam proves to be an appropriate 
polarisa lion- spec iroscopic method tor 
determining optical material para- 
meters. 

Another new CRS technique em- 
ploying coherent sources at only two 
frequencies is known ts Raman in- 
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duced phase conjugation technique 
(RIPC) This is a form of four wave* 
mixing, in which two beams at w and 
v-»i (or at m+M|) mix with a third 
beam at Mo generate a fourth be urn at 
v^ v\ or at v + v t . The generated beam 
is nearly phase conjugate to one of the 
beams at v, 

" The effect so studied has the following 
characteristics 
I, The Raman signal is generated as a 
coherent beam which is nearly phase 
conjugate to one of the incident beam 
(2) Upto 16 independent combina- 
tions of beam polarisations are possi- 
ble (3) The Raman signal beam is not 
coincident with any input beam 
(4) Phase matching among the four 
beams can he achieved for excitation 
frequencies in a wide range many 
hundreds o( cm " for a given beam 
geometry (5) Phase matching anions 



the four beams can also be achieved 
for given beam frequencies, for a wide 
range of inpui or image beam angles. 
thus allowing an enhanced or altered 
phase conjugate image at Raman reso- 
nance, This spatial resolution can be 
used to enhance spectral resolution or 
DO focal on a particular region of the 
sample (tt) The wave vectors n\ irk 
excitations observed in RIPC are near- 
ly (2y±V|) nc where n is The refrac- 
tive index (7) If the input beam con- 
taining i± f| is broadband, and beam 
polarisation are properly adjusted 
only Ram an -shifted frequencies will 
be conjugated and the usual nonlinear* 
resonant component uill be absent, 
These properties allow Raman spectra 
to be recorded wnh single nanosecond 
pulses RIPC is the latesi very useful 
Raman technique in special situations 
UM h .is lor hot. birefringeni and slight- 
ly tremulous media. 



The Amazing World of the Honey Bees 



RAGHAVIMDRA GaDAGKAR AND VlJAYAGtOHA R. GaDA&KAR 

Centre for Ecological Scleocei Indfcm Institute Of Science. 

Bangalore &60 012 Indin 



Honey bees have always fascinated 
mankind, We have clear references to 
them in unci en i Indian and Chinese 
scriptures and Aristotle has much to 
say about them, Our fascination lor 
the honey bee has been described by 
William Morton Wheeler, one of ihc 
greatest students of social insects of 
this century, in the following words: 

'Its sustained flight, its powerful 
sting, its intimacy with flowers and 
avoidance of all unwholesome things, 
the attachment of the workers to the 
queen - regarded throughout antiqui- 
ty as a king - its singular swarming 
habits and its astonishing industry in 
collecting and storing honey and skill 
in making wax, two unique substances 
of great value to man, hut of myste- 
rious origin, made it a divine being, a 
prime favourite of ihe (rods, that had 



somehow survived from ihe golden 
<jiic or had voluntarily escaped from 
the garden ol Eden with poor, fallen 
man for the purpose of sweetening his 
bitter lot". 

Bees, which evoked from other 
inseci mce ato rt about 7(1 million years 
ago, exist today in about 20,000 diffe- 
rent kinds or species, as these kinds 
are called. Most have not the least 
resemblance lo the honey bee and lead 
a soliiary life Many are social lo 
varying decrees but none have reached 
that pinnacle of social evolution 
achieved by the honey bees. Of the 
honey bees themselves ihe re are four 
species namely. Apis meliifera which 
occurs as a native in Europe, Western 
Asia and Africa, but has been distri- 
buted by man throughout the world, 
Apis eeratia, formerly called Apis in- 
dica, which occurs in Asia including 



China and Japan, Apis dorsata. the 
familar large rock bee and Apisflcrea, 
the tiny hee which nests routinely ia 
our gardens, the latter two species 
being restricted to southern Asia, 
Most of the scientific information on 
honey bees however comes from 
sludies on Apis meliiferu - a familiar 
sad tale about the neglect of natural 
history in the tropical regions 

The most important thing about the 
honey bees is of course that they are 
highly social. They live in large 
group!, in intricately organized 
societies and cannot survive alone. A 
typical hive consists of a single queen 
bee, the only reproductively fertile 
female in the colony, anywhere from 
10 to 50 thousand sterile female work- 
er bees and about 500 to 11)00 males or 
drones, all of the latter being repro- 
ductively fertile The home of the 
honey bees is the nest, an architectural 
masterpiece consisting of tens of 
thousands of hexagonal cells entirely 
made of wax secreted by tiny glands in 
each worker's abdomen How so many 
different liees working simultaneously 
and with neither the benefit of learn- 
ing nor that of a foreman, can produce 
such a perfect structure is a mystery 
thai will rake decades if not eenturiL s 
to unravel. 

Life in the nest is more intricately 
organized lhan we fellow social crea- 
tures can ever believe, let alone 
achieve. The queen is an egg laying 
machine and a chemical factory. She is 
capable of laying upto 3000 eggs per 
day and, as one may imagine this 
keeps her occupied day and night The 
only other thing she does can fortu- 
nately be done simultaneously and 
that is to keep releasing a host of 
chemicals that will guide, instruct or 
prevent the worker bees from per- 
forming various tasks as appropriate. 
When the eggs hatch, the hive would 
be any mother's nightmare with 10.000 
or more hungry mouths to Iced. Hut 
the worker bees are perfect match to 
this task, feeding every larva more 
than once a minute and, incredible as 
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it may seem, appropriately changing 
the quality and quantity of fond de- 
pend in g on the age, sex and future 
caste of each larva. If this is mind 
boggling to ihe layman, it is even more 
so to I he scienlisi. for il is not even 
clear how one formula tes the right 
questions to begin to understand this 
challenge of naiure to our intelligence, 
The honey bees and their relatives 
have achieved to perfection what we 
humans are still struggling to do. 
Choosing the sex of their offspring is a 
simple matter 10 them. Firstly, the 
honey bee queen does not need to 
mate every lime she produces an 
offspring as most higher animals have 
DO. She mates during just one period in 
her lifetime hut with a dozen or so 
males, one after the other. Having 
securely stored millions of sperm Irom 
each of her mates inside her bodv in a 
tiny organ called the spermathect, she 
returns m the hive well equipped for a 
life time career in egg laying Bui this 
is no I i he end of the story because 
nature's mysteries never cease. In 
spite of having all these many minions 
of sperm m her body, she ma) chooee 
to lay unfertilized eggs. These unfertil- 
ised eggs always develop into males 
while females are produced from fer- 
tilized eggs, With voluntary control 
over release of sperm fur fertilization 
she achieves perfect control over the 
sex of her offspring. 

In addition to feeding I he larvae, 
there are many other tasks awaiting 
the attention of the workers. Workers 
build the comb and also enlarge, shape 
and repair il as and when required. 
When a larva has completed its 
growth, they cap its cell and when it 
com pi ei es developmenl and comes 
oui. they trim the cappmgs and clean 
I he cell preparing it to receive a fresh 
egg from the queen. The worker bees 
take turns so thai at any given time the 
queen is surrounded by several work- 
ers, feeding her. licking her, caressing 
her and, we micht say. inadvertently 
acquiring those very chemicals which 
will control their own behavkmi 



Grooming and feeding each other is 
another major task that engages the 
wurkeiv 11 l*. because ol this hahil sif 
feeding and grooming each other thai 
chemical messages emanating from the 
queen are almost instantly spread 
throughout the colony. If the queen is 
removed for instance, the whole hive 
seems to know of this tragedy within 
minutes. Finally workers have to go 
oul in search of food - Iheir food 
being nectar and pollen - harvesi it 
and store it in the hive. How is all ihis 
work coordinaied'.' The answer seems 
to lie in efficient division of labour 
Worker bees have age-specific duties 
so that at any give time each worker 
performs a single or a small subset of 
its lifetimes duties This phenomenon 
called age-polyelhism ensures that a 
worker bee begins her life as an a dull 
member of I he hive hy cleaning cells 
This job is done during ihe first two 
days of her life when she appears to he 
incapable of doing anything else. After 
aboul two days, her wax glands begin 
to work and now, building and nursing 
hrood become her main tasks for the 
next week m so This is followed bv 
mother change in LKsiimment and the 
wmkeT bee graduates into feeding and 
grooming nest-mates, At aboui 15 
days of age, she moves towards the 
pciipherv ol the hive and begins IO 
receive pollen and nectar from incom- 
ing foragers and store these in 
appropriate cells. Only afier she is 
about 3 weeks of age does a worker 
ever venture oul of her hive to begin 
her lireless task of scanning her new 
world of ahoul 100 sq km in search of 
nectar and pollen, the prime needs of 
the hive. For this worker. whose jour- 
ney through life we have been follow- 
ing, the story must end soon for. one 
day in the nexl two week*- or so she 
will either fall dead of exhaustion or 
fulfil her larger role in the ecosystem 
by falling prey to some bird 

Few people realize that honey bees 
are the only creatures in the world 
other than man who communicate by 
means of a set of arbitrary convemions 
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lhat may be called symbolic language. 
It is not uncommon for a worker bee 
to suddenly encounter a large tree in 
bloom offering several thousand times 
the quantity of pollen and nectar that 
she can carry hack to her hive in one 
trip. Honey bees would never he able 
to maintain such large populations of 
young and adults in their hives if it 
were not for their unique capacity to 
fly back home and inform their nest- 
mat e^s of their find and thus bring 
hundreds if not thousands of them to 
'.he spot within a few hours. It look 
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many years even for scientists to 
accept that a honey bee worker can, by 
means of the dance language, convey 
to her fellow workers the distance and 
direction from the hive of a new source 
of food. This amazing chapter in the 
mysteries of nature was discovered by 
Karl von Frisch who was rightly hon- 
oured with the Noble priie for his 
momentous discovery. When a worker 
bee finds a source of food close to the 
hive, she returns home, releases a 
■Deal to attract the attention of other 
bees and performs the "round dance" 
by simply running repeatedly in cir- 
cles, the bees following her and run- 
ning behind her decode this message 
to mean "there is food nearby, go and 
find it". Equipped with some clue 
about what the dancer might have 
found provided by the smell ol pull en 
sticking to the dancer's body, the 
dance watchers fly out and systemati- 
cally scan the surrounding 100 square 
meters or so of their hive for thai kind 
of food. 

But when a worker bee finds food, 
say about 2 km away from the hive, it 
is not much use coming back and 
telling her nestmates "there is food, go 
and find it". So now she performs a 
very different kind of dance called the 
waggle dance in which she rapidly runs 
on the surface of the comb either 
facing straight up, straight down, or at 
some angle to the vertical, wagging her 



abdomen and at the end of this she 
runs back swiftly to the position where 
she started without shaking her abdo- 
men and repeats the whole process 
over and over again. The bees follow- 
ing and running behind her now de- 
code this message in a much mure 
sophisticated manner. The smell of 
pollen or nectar sticking to the dan- 
cer's body will once again tell them 
what to look for. the number of 
seconds lor which she performs the 
waggle each time tells them the dis- 
tance of the food from the hive and 
more importantly, the angle between 
her waggle run and the vertical f grav- 
ity) corresponds to the angle between 
(he suit. I lie hive and tile food source. 
Equipped with this information, the 
dance followers can home in within a 
few meters of the food source. The 
more one thinks about this, ihe more 
remarkable it seems, The bee must 
somehow measure the angle between 
the food, the hive and ihe sun and 
remember it The task is made even 
more difficult because the bee has not 
flown straight from ihe hive to the 
food. Instead, she has taken a long 
meandering trial and error pathway 
and accidentally chanced upon ihe 
food source. Yet by recording every 
litlle turn she had made during the 
search Ilighl into a supercomputer her 
tiny little brain about the size of a pro* 
head-she is able to instantly calculate 
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what the angle would have been ll she 
had flown straight to the food source 
But she has to do more than that on 
reaching the hive. She must use that 
angle to orient her body with respect 
to gravity while dancing. As it hap- 
pens, her behaviour is more remark- 
able still. The sun's position she 
"knows" keeps changing and an hour 
may have elapsed since she last saw 
the sun. Incredible as u may seem, she 
makes corrections in her calculations 
and dances at an angle that corres- 
ponds to the present position of the 
sun which she has not seen. The dance 
followers too, if prevented from going 
out immediately after Pitching a 
dance can correct for the changing 
position of the sun and fly out to the 
correct spot. Is there any doubt that 
the honey bees can perform more 
sophisticated calculations than any un- 
trained and many trained humans arc 
capable of? 



Let us no* get back into the nests 
and help ourselves to a different kind 
of mystery. How are new hives pro- 
duced? Workers are in plenty and tan 
be partitioned but there is only one 
queen and we need at least tine more 
to produce ant* hive. That brings us 
to the question of how queens are 
produced. Any larva thai is led on a 
special diet consisting mainly or entire- 
ly of secretions from the hypophary- 
ngeal and mandibular glands of the 
workers, called bee milk or, more 



appropriately, royal jelly, will develop 
into fertile queens The diet of a larva 
destined to be a worker consists of a 
very small quantity of royal jelly and 
that too only at the very begin ing of 
her larval life for, she will soon he 
weaned sin to a mixture of pollen and 
honey or the so called bee bread. So 
the control must be in the hands, or 
more correctly in the mouths of the 
workers! True, hul the master control 
is still very much in the hands or again 
in [he mouth of ihe queen whose 
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mandibular glands produce a subst- 
ance that the mists find it easy to call 
by the name g -keto-trans-2-deeenoic 
acid but lesser mortals prefer to call by 
the name "queen Mih\\mcc"\ As long 
as a threshold concentration of the 
queen substance is maintained in the 
hive, workers are, as if by magic, 
prevented not only from feeding the 
queen prod ue ing diet to any larva hut 
even from constructing the special 
large royal cells needed to house 
queen-destined larvae in the first 
place. Bui when the queen dies or is 
weak ot when she desires" lo ptoduee 
new queens - for that must be her 
ultimate goal - the concentration of 
the queen substance drops and the 
workers gel busy constructing royal 
cells at the bottom of the comb and 
later when the eggs laid in these cells 
hatch, in feeding them royal jelly. 



HH, III HilllS Ot THK NKM ISSI I- 

S"iiK tv fled ion* on The lik 1 

liinl SviciliX' ul Sir { V Rum an. 

Df.O VenkMtnuun 
Genciic (."on^cqiHfnces of 
MfTiMfC .imnng doM icsalfvei 

Hnil N Appa|i R.10 

VicnuJii.- OuouiNtrii 



When [he new queen completes her 
development, in whal musi appear to 
us as an outstanding example of ■ 
mother's concern for her daughters 
welt arc. ihe old queen leaves the hive 
with all its wax, honey and brood and 
departs with a few thousand workers 
to find a new place and build a new 
hive all over again. But we should be 
cautious in interpreting nalure Ihe 
old queen leaves just a little before her 
daughter comes out ol her pupal case. 
This is achieved through communica- 
tion between ihe mother queen and 
her yet lo he born daughter by means 
of sounds they both produce, ihe 
mother seems to* ask "are you quite 
ready lo COOK out- shall I leave?" and 
Ihe daughter seems to say "not quite 
yet" or "oh! yes, please be sure to 
leave before I come out . But why all 
this fuss? Because, if the two queens. 
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moihLT and daughier, happen to meet. 
till parental instincts disappear into 
ihin ait and they fight each other until 
one of them dies. Such is nature's way 
lit ensuring lhai there would never he 
two queens in a hive. Even if the 
mother has departed before the 
daughter's arrival, the new queens 
first joh is still a macabre one, Work- 
ers normally rear not just one hut a 
few larvae into queens to ensure that 
at least one of them successfully de- 
velops and takes charge of the colony 
The queen thai emerges first systema- 
tically searches for and kills all her 
remaining, as yet unborn sister 
queens 

While all this is going on ihe old 
queen and her swarm of workers have 
settled on a branch or KMIM s<He place 
mil very far a way. From this swarm 
dozens of scout bees go out in all 
directions in search of a suitable site to 
build a new hive Having found one 
they return and begin to advertize 
their find by using the same dance 
language that foragers use to com- 
municate new food sources. Rul here 
there is one problem. II many foragers 
dance to indicate many different 
sources of food, the hive has enough 
workers lo send in each site But now 
all the bees have to wo to a single new 
site to build their hive. En what must 
either hi- ih..- elosest thai insects have 
come to acq ui ring intelligence or in 
what must be one of the most compli- 
cated forms of instinctive program- 
ming, the bees somehow come to a 
consensus and ihe whole swarm flies to 
the agreed sue 



The amazing world of honey bees 
provides an endless series nf fascinat- 
ing and often mind-boggling stories 
but il one were forced to choose one 
above all the cithers n surel) would be 
the worker bee's saeritice foi her 
colony. Valour, bravery, sacrifice and 
kindness are undoubtedly ihe hall- 
mark of the human species but it 
would be a gfa\c mistake to think that 
we represent the pinnacle of altruism. 
That distinction dearly goes lo the 
honey bee and its relatives in the 
magnificent world of social insects. 
Not only do worker bees spend their 
entire life striving for the welfare of 
the colony and die wnhoui reproduc 
ink!, but the\ otien commit suicide to 
protect iheir colonies. There must be 
lew amongst us who have not expert 
eneed Ihe quick, unhesitating sting of 
the honey lx. b e and yet not many of us 
realize that the sling of the honey bee 
is .1 marvel of nature It Is armed with 
barbs pointing backwards so that when 
firmly lodged m the offender's skin it 
cannot be withdrawn. When the bee 
attempts to fly awaj after stinging, the 
■siing. the poison gland .nul a good pad 
ni ihe bee's digestive system are torn 
away and lentain hanging onto its 
victim. This certain!) ensures ihai 
sufficient bee venom i^ injected into 
the victim but for the worker bee it is 
certain death, It is unlikely lhai bees 
think or have feelings. Hut that the) 
^ .m behave in the wa\ the\ d^ without 
the benefit oi though! or feelings is .in 
even greater sobering thought foi 
some one who likes to wonder about 
how nature programmes animals to 
behave 
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